gram.
Some of the studies were performed to solve in the perfused dog hearts and in situ dog hearts, and consequently the following results were obtained.
In some experiments, recording of the His potential could not be achieved even in the perfused hearts in spite of the preserved A-V conduction, suggesting that, as experienced sometimes in the clinical cases, inability to record the His potential might not be due to the technical failure or the anatomical abnormalities of the His bundle.
On the other hand, real " splitting of H " occurred in association with the increase in the duration and decrease in the amplitude of the His potential after the ligation of the anterior septal artery.
In addition, the true Mobitz II type A-H block, and Wenckebach type intra-Hisian and H-V block could be produced experimentally.
Additional
Indexing MgCl2 0.5; and glucose 5.5. The hearts were perfused by means of the modified Langendorff technique: the bath was perfused continuously with Tyrode solution which was gassed with 95% 02 and 5% CO, and the temperature of the perfusate was maintained between 34 to 36°C. The right atrium and ventricle were opened longitudinally to expose the right side of the interatrial and interventricular septa. A plaque electrode was attached to the epicardium of the right atrium to record the atrial electrical activity and apply the driving stimuli. A 4-pole electrode catheter of 20 cm in length was inserted into the inferior vena cava and positioned over the region of the attachment of the tricuspid valve to record the His potential. A silver electrode was placed on the right bundle branch to record its activity. A-V conduction disturbances were produced by the injection of 30 to 120 mM of KCII solution, 0.5% of lidocaine or formaldehyde solution into the His bundle region or by directly incising the region. The His and right bundle branch potentials were obtained before and after the production of various degrees of A-V conduction abnormality.
Series 2. Twenty adult mongrel dogs were anesthetized with intravenousE sodium pentobarbial (30 mg/Kg), intubated and connected to an artificial respirator. The dogs were secured in the right lateral position. A thoracotomy was performed through the left fourth intercostal space, and the lateral surface 01 the right atrium and basal portion of the right ventricle were exposed. The pericardium was incised and the heart was positioned by a pericardial cradle. The bifurcation of the left coronary artery was exposed, removing by retracting the tip of the left atrial appendage. The anterior septal artery was explored, removing the tissues enclosing the proximal portions of the anterior descending and left circumflex arteries. Then, double ligation of the anterior septal artery was performed. The His bundle potential was recorded by a bipolar electrode catheter according to Scherlag.8) Lead II electrocardiogram and His bundle electrogram were monitored on the oscilloscope before and up to 10 hours after ligation. When necessary, a polyvinyl cannula was inserted into the anterior septal artery several hours after ligation and various agents, i.e., lidocaine (0.5%), KCI (I mEq/ml) and propranolol (1 mg/mil were administered through the cannula._ RESULTS 1n the pertuslon experiments on the isolated neart c ertes 1), the ti-ri block proximal to the His bundle occurred in all the preparations by injecting various agents into the His bundle region. In the experiments of Series 2, 15 of 20 dogs survived after the ligation of the anterior septal artery. A-V conduction disturbance developed within 1 hour after ligation in almost all the dogs. The left axis deviation appeared in 10 dogs and an increase in the duration of the QRS complex in one of the dogs. Finally , the H-V block developed within 10 hours after ligation. Observation 1. In some perfused experiments, the amplitude of the His bundle deflection (H deflection) decreased progressively after' the injection of KC1 (120 mM, 0.1 ml) into the His bundle region, although the A-V -onduction persisted ( Fig . 1) . It is only 125 sec after the injection that the A-H interval was prolonged and the A-V block occurred above the His bundle.
[n the other experiments with the perfused hearts, cutting of the His bundle was performed with a sharp knife. As a result the H deflection disappeared, ilthough the A-V conduction still persisted (Fig. 2 ). These observations sug-;est that the His bundle, even if directly injured, is so resistant to the conduction 3isturbance that the disappearance of the H deflection is likely to occur in spite of the persistency of the A-V conduction. Therefore, when the recording Df the H deflection cannot be achieved despite the repeated challenges, the -ause may not be simply attributable to the technical failure .
Observation 2. A few cases showing " splitting of H " (into H and H') have been reported clinically. It has been an open question, however, whether :)r not the H' deflection is a potential produced by the distal part of the His bundle. Fig. 3 shows the complete A-V block induced by the injection of the formalin solution into the His bundle region in the perfused heart. The
>ubsidiary pacemaker is located in the His bundle. In this experiment the negative deflection (shown as RB) after the H potential in the middle tracing is roughly consistent with the positive deflection before the V potential in the bottom tracing, which was simultaneously taken when a silver electrode was placed on the right bundle branch. Consequently, both were considered to be right bundle potential. The distance between the right bundle branch potential (RB) and ventricular potential (V) is markedly prolonged, being associated with the change in the configuration of the V wave (Fig. 3B) . Such a H or RB potential is not necessarily followed by the changes in the QRS complex. For example, as is shown in Fig. 4 , a similar RB potential was seen when the QRS complex in Lead II did not seem to be abnormal 7 and 10 hours after the ligation of the anterior septal artery. The H-RB interval lengthens from 15 msec to 50 msec. These observations suggest that the apparent "splitting of H" can occur on the His bundle electrogram, in the other words, the H' deflection may be the RB potential in some clinical cases showing the "splitting of H". On the other hand, there are cases in which the ligation and/or injection of the agents into the anterior septal artery actually produced the "splitting of H". Fig. 5 shows a representative example of the "splitting of H", which appeared spontaneously 4 hours after the ligation. There is a progressive decrease in the amplitude and increase in the duration of the H deflection, resulting in the Mobitz II type H-V block (Fig. 5B) . In Fig. 5C , the A-H interval was also prolonged and the deformation of the H deflection became marked. Finally, the H deflection was split into H and H', when the A-V conduction recovered (Fig. 5D ). The interval between the H and H' deflection is about 50 msec. As seen in Fig. 5 , it was frequently observed that, when the intra-Hisian block was present, an increase in the duration and decrease in the amplitude of the H and H' deflection occurred. Observation 3. Various types of block which have been said to be rare clinically were observed. Being different from the usual clinical experiences, there was the advantage that the localization and mode of appearance of the block could be observed directly. In 1 case the Mobitz II type A-V block appeared, as shown in Fig. 6 , when acetylcholine (1 mg/ml, 1 ml) was administered into the right coronary artery of the perfused heart. The shortened A-H interval following the pause, as observed in this experiment, is not a rare phenomenon in the Mobitz II type A-V block.
In another experiment, the Wenckebach type A-V block occurred in the His bundle as shown in Fig. 7 , when lidocaine was applied about 10 hours after the ligation. As time passed, both the increase in the duration and decrease in the amplitude of the H deflection developed, resulting in the " splitting of H ". The following H-H' interval lengthened progressively until the H' deflection disappeared. The following H-H' interval was short with progressive prolongation. This finding is consistent with the Wenckebach phenomenon. Fig. 8 exhibits the Wenckebach type A-V block in the His-Purkinje system induced by the His bundle pacing in the perfused heart. This is atypical, since the maximal increment occurred in the M-V interval preceding ttie dropped beat. Fig. 9 shows the classic Wenckebach type A-V block in the His-Purkinje system produced by the ligation. The conduction ratio of the is clinically employed now widely and almost routinely, there remain some problems about the interpretation of the His bundle electrograms. Our re suits give a basis to some of such problems.
When the H deflection cannot be recorded by any means in the conven tional His bundle electrogram, although the A-V conduction persists, it ma) be usually attributable to the technical failure or anatomical abnormalities of the His bundle as seen in the patients with congenital heart diseases (as it the endocardial cushion defect, corrected transposition of the great arteries).9 It was shown, however, that in some experiments the A-V conduction, espe. cially the conduction in the His-Purkinje system, remained good, despite the apparent disappearance of the His bundle deflection, in other words, ever when the His bundle cells were insufficient to generate a potential which carr be recorded by extracellular methods.
Clinically, the identification of the H deflection may be difficult occasionally, unless both the deflections of the His bundle and right bundle branch are recorded simultaneously in the same catheter-tip position. Scherlag et a15>>10> postulated that the His bundle pacing is the most useful method to validate the H deflection. Difficulty of pacing the His bundle continuously has been, however, pointed out by Rosen et alit>,12> and Gupta et al.13> According to our experiment, it was difficult even in the perfused preparations to pace only the His bundle by a bipolar electrode catheter. One may doubt, therefore, in the clinical cases in which the " splitting of H " has been asserted to be present, 10),11),14)-ls> whether the H' deflection is actually one of the split His bundle potentials or of the right bundle branch potentials. Our results showed that a case may be present in which the second deflection is the right bundle branch potential. Recently, Varghese et ah9> demonstrated by a gentle pressure applied to the His bundle with the tip of a needle that a significant intra-His bundle conduction delay resulted in 2 H deflections in the extracellular electrogram recordings. We also demonstrated in the dog hearts in site that the His bundle potential is actually split into 2 deflections. From the observations on our experiments, it can be suggested that, if the amplitude of both the H and H' potentials is decreased, as compared with the other deflections recorded by the His bundle electrogram, real " splitting of H " is more likely to be the case.
Although the exact mechanism of the Wenckebach and Mobitz II type A-V block remains uncertain, the mode of the induction of the block is easy to understand by recording the His bundle electrogram. Up to date, the most usual clinical observations and experimental experiences are that the Wenckebach type A-V block occurs in the A-V node and the Mobitz II type A-V block occurs in the His-Purkinje system. 20 cycle. Moreover, they also produced by administering a toxic dose of ouabair a Mobitz II type A-H block without the antecedent changes in the A-\ conduction, as shown in our experiment (Fig. 6 ). The mechanism, by whicr the Mobitz II type A-H block was induced following administration o: these agents, is not clear, because these agents usually induce the Wencke. bach type A-H block. On the other hand, the Wenckebach phenomenor has been electrocardiographically demonstrated to occur in the bundle branches only in the recent rare reports,25>-2'> although Scherf and Shook hoff28> experimentally demonstrated a Wenckebach phenomenon in the bundle branch system after destroying one bundle branch and slightly damaging the other, and Cranefield et a129> produced a block in the depressed isolatec segment of the canine Purkinje fibers. By the His bundle electrogram, the Wenckebach phenomenon has been also documented to occur in the HisPurkinje system in the patients with a bundle branch block.14>,15) Although a few caseslo>,1.1>,14>-18> have been reported in which the Wenckebach phenomenon was asserted to have occurred in the His bundle, the Wenckebach type A-V block was demonstrated in our experiments to occur by taking the potentials directly from the His bundle and the right bundle branch.
